Background The individual course of CKD may vary, and improved methods for identifying which patients will experience short-term eGFR loss are needed. Assessing urinary Dickkopf-3 (DKK3), a stress-induced tubular epithelia-derived profibrotic glycoprotein, may provide information about ongoing tubulointerstitial fibrosis and short-term eGFR loss.
been focused on changes in glomerular structure and function as major determinants of renal prognosis. 4 However, recent experimental and clinical data highlight the role of tubular epithelial cell hypoxia and phenotypic transformation with initiation of tubulointerstitial fibrosis in the pathogenesis of progressive CKD. 1, 4 Nevertheless, precise definition of progressive tubulointerstitial fibrosis in patients with diagnosed CKD is not even possible by histopathologic examination of a kidney biopsy, because this only reflects the present status at the time of biopsy. Moreover, biomarkers for this specific pathologic course are lacking so far.
We have recently identified Dickkopf-3 (DKK3) as a stressinduced, renal tubular epithelia-derived, secreted glycoprotein (molecular mass, 38 kDa) that induces tubulointerstitial fibrosis through its action on the canonical Wnt/b-catenin signaling pathway. 7 Genetic abrogation as well as antibodymediated abrogation of DKK3 led to significantly decreased interstitial matrix accumulation, reduced tubular atrophy, and hence, preserved kidney function in various CKD mouse models. 7 Notably, the profibrotic effects of DKK3 in the kidney were independent from the cause of initial damage. Because DKK3 is secreted into the urine under tubular stress conditions, it may also serve as a noninvasive diagnostic biomarker for short-term eGFR loss. In contrast to biomarkers, such as neutrophil gelatinase-associated lipocalin (NGAL), that reflect a static snapshot of tubular injury, urinary DKK3 provides an integral picture of the dynamic process of tubular stress and ensuing tubulointerstitial fibrosis independent of the injury reason. This is pertinent, because accurate identification of patients who at high risk for short-term eGFR decline is still challenging. 8 Established biomarkers for prediction of CKD progression are eGFR and albuminuria. In the Kidney Disease Improving Global Outcomes (KDIGO) guidelines, patients with CKD of different etiologies are categorized as having low, moderate, high, or very high risk for kidney disease progression according to their (baseline) eGFR and albuminuria. 9 However, in 1.7 million participants from 35 cohorts with 12,344 ESRD events, CKD progression was highly variable even in patients within the same KDIGO risk category. 10 In addition, recent studies revealed that, for example, in patients with diabetes, advanced CKD (i.e., eGFR,60 ml/min per 1.73 m 2 ) may be present even in the absence of higher-grade albuminuria. [11] [12] [13] [14] Therefore, biomarkers that indicate eGFR loss are highly desirable. [15] [16] [17] The main objective of this study was to examine the association between urinary DKK3 and the change of eGFR in patients with CKD of various etiologies as a noninvasive tool to identify patients at high risk for short-term eGFR decline. We also tested the hypothesis that measurement of urinary DKK3 may be helpful to monitor individual kidney disease activity in patients under treatment (the STOP IgAN Trial).
METHODS

General Population (the I LIKE HOMe Study)
In total, 481 current/former employees of the Saarland University Medical Center in Homburg/Saar, Germany were recruited. Written informed consent was obtained from all participants. The study protocol was approved by the local ethics committee. Participants were excluded when they had a pathologic urine sediment (e.g., significant hematuria and/or leukocyturia, macroalbuminuria [i.e., albuminto-creatinine ratio in spot urine .300 mg/g], and/or eGFR,60 ml/min per 1.73 m 2 ). Additional exclusion criteria were active tumor disease, inflammatory or autoimmune disease requiring systemic immunosuppressive treatment, or a serum high-sensitivity C-reactive protein .20 mg/L. A standardized questionnaire was used to record a history of smoking, diabetes mellitus, current medication, and cardiovascular comorbidity. Participants with self-reported diabetes mellitus, a fasting blood glucose level of .126 mg/dl , and/or current use of hypoglycemic medication were categorized as diabetic. Blood and spot urine samples were obtained after overnight fasting, and samples were immediately processed and stored at 280°C until analyses.
Patients from the CKD Cohort (the CARE FOR HOMe Study)
The ongoing CARE FOR HOMe Study continuously recruits clinically stable patients with confirmed CKD from the German states of Saarland and Rhineland-Palatinate who are referred to the outpatient clinic of the Saarland University Medical Center. The study was approved by the local ethics committee, and all participants provided written informed consent. The study design has been published in detail before. 18 In brief, inclusion criteria are the presence of CKD stages 2-4 in accordance with the KDIGO guidelines 9 and age $18 years old. Main exclusion criteria are active malignancy, clinically apparent infections, active immunosuppressive therapy, kidney transplant, and AKI (defined as increase in plasma creatinine .50% within the preceding 4 weeks).
The last data evaluation was done in July 2017. Until then, 575 participants had been enrolled with a mean follow-up of
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Kidney Biopsies Study
Urinary DKK3 levels and the extent of tubulointerstitial fibrosis were determined in patients with different CKD etiologies who consecutively underwent a diagnostic kidney biopsy at the University Hospital Innsbruck in Austria. The use of surplus material from routine diagnostics for research purposes was approved by the local ethics committee. We studied 76 patients in whom a kidney biopsy specimen containing at least eight glomeruli and a ratio of renal medulla to cortex of ,0.5 was available at study entry. Blood and spot urine samples were obtained at the time of kidney biopsy after overnight fasting. Samples were immediately processed and stored at 280°C until analyses. The histopathologic diagnoses were idiopathic membranous nephropathy (n=12), IgAN (n=9), FSGS (n=8), membranoproliferative GN (n=7), minimal change disease (n=4), interstitial nephritis (n=4), diabetic nephropathy (n=4), ANCA-associated vasculitis (n=9), lupus nephritis (n=4), and miscellaneous (n=15).
Participants from the STOP IgAN Trial
The study design, patient selection, and results of the STOP IgAN Trial were published in 2015. 19 In brief, in this multicenter, randomized, controlled trial, patients with biopsyproven IgAN entered a 6-month run-in phase, in which supportive care therapy (e.g., strict BP control, including blockade of the renin-angiotensin system) was optimized. Patients who had persistent proteinuria of at least 0.75 g/d were randomly assigned to receive either supportive care alone or supportive care plus immunosuppressive therapy (i.e., corticosteroids, cyclophosphamide, and azathioprine). We studied 96 STOP IgAN participants in whom spot urine samples were available from the 6-month run-in phase and 57 patients in whom spot urine samples were available from the first 6 months of the randomized treatment period. Before enrollment into the STOP IgAN Trial, all patients underwent a kidney biopsy. We correlated urinary DKK3 levels with the extent of tubulointerstitial fibrosis in 43 patients in whom a kidney biopsy specimen containing at least eight glomeruli and a ratio of renal medulla to cortex of ,0.5 was available at study entry.
Laboratory Measurements
Standard laboratory parameters and albumin in spot urine samples were measured at the Saarland University Medical Center in Homburg, Germany (the I LIKE HOMe Study, the CARE FOR HOMe Study, and the STOP IgAN Trial) and the University Hospital Innsbruck in Austria (the kidney biopsies study). All plasma creatinine measurements are traceable to an isotope dilution mass spectrometry. In all participants, eGFR was calculated using the creatinine-based Chronic Kidney Disease Epidemiology Collaboration equation. 9 suPAR was measured in plasma samples of participants of the CARE FOR HOMe Study at baseline using a commercially available ELISA as previously described. 20 
Measurement of DKK3 in Urine
For the detection of DKK3 in human urine, antibodies against DKK3 were raised in the German Cancer Research Center in Heidelberg, Germany. The hybridomas for these antibodies were deposited at the Leibnitz Institute German Collection of Microorganisms and Cell Cultures in Braunschweig, Germany. On the basis of antibodies produced by these hybridomas, a novel DKK3 ELISA was designed, and the detection conditions were specifically adjusted for recognition of the DKK3 molecule in urine. No interference with other DKK molecules or albumin was observed. The DKK3 antibodies and the test indication are the subject of a patent application. The ELISA is certified for diagnostic use in humans in the European Union (ReFiNE; DiaRen UG, Homburg/Saar, Germany). For diagnostic use, the urine has to be clarified by centrifugation for 10 minutes at approximately 3703g (2000 rpm) to remove debris that may interfere with the measurement. Preferably, the measurement of DKK3 is performed in fresh (morning) urine. Studies have documented that DKK3 is stable in cold stored urine samples (at 4°C) for up to 24 hours (,10% breakdown). Alternatively, urine samples can be immediately frozen at 220°C (for longer periods at 280°C) until they are measured. Up to two cycles of freezing and thawing do not significantly affect the DKK3 recovery rate in urine. The lower detection limit of the assay is 30 pg/ml. The intra-assay test variabilities of repeated urine sample measurements are 3.1% in the lower detection range (approximately 500 pg DKK3 per 1 ml urine) and 3.5% in the higher detection range (approximately 1500 pg DKK3 per 1 ml urine). The values for interassay test variability are 4.7% in the lower detection range and 5.1% in the higher detection range. There is no crossreactivity with other proteins of the DKK family (i.e., DKK1 and DKK2). Urinary DKK3 levels were normalized to urinary creatinine concentrations to account for dilution of the urine. All urine samples were immediately frozen at 280°C after collection. In additional analyses, we observed no relevant degradation of DKK3 during freezing. We could not detect any difference of DKK3 in freshly used urine samples, frozen urine samples, and urine samples after one freeze-thaw cycle. To exclude any bias from different sample processing, DKK3 in all samples from all cohorts presented in the manuscript was measured at one site (Saarland University Medical Center) in a blinded manner.
Histopathologic Examination of Kidney Biopsy Slides
The extent of tubulointerstitial fibrosis on scanned periodic acid-Schiff-stained biopsy sections (3 mm, MIRAX Viewer; Zeiss, Oberkochen, Germany) was morphometrically determined for cortex only and is given as a percentage of the total cortical tubulointerstitium. 7 The histopathologic examination of kidney biopsy specimens was done in a blinded fashion in the Department of Cellular and Molecular Pathology, German Cancer Research Center (Heidelberg, Germany).
Statistical Analyses
Continuous data are presented as mean6SD when normally distributed or median and interquartile range for variables with skewed distribution. Categorical data are presented as percentages. Variables with skewed distribution (DKK3 to creatinine, albuminuria, and C-reactive protein) were log transformed. Statistical differences between continuous variables were determined using one-way ANOVA, Kruskal-Wallis test, or chi-squared test for categorical variables.
In the CARE FOR HOMe Study, 575 participants were included in the analyses. On the basis of the annual follow-up, longitudinal data analyses were performed in 1-year blocks during follow-up. We analyzed nonlinear associations between DKK3 to creatinine and eGFR change by using restricted cubic splines of urinary DKK3-to-creatinine levels with four knots (0, 76.4, 441.2, and 6008.5 pg/mg) placed at the fifth, 35th, 65th, and 95th percentiles. Respective restricted cubic spline plots are shown. Analyses were adjusted for age, sex, body mass index (BMI), systolic BP, smoking, diabetes, eGFR, and log albuminuria. On the basis of the visual inspection of the spline plots, we divided urinary DKK3-to-creatinine levels for subsequent analyses into four categories according to the observed annual eGFR changes: #200, 201-1000, 1001-4000, and .4000 pg/mg creatinine. Next, we built general estimation equations to determine the association between the aforementioned categories of DKK3-to-creatinine and eGFR changes during the following 12 months and account for correlations between multiple observations. Analyses were adjusted for age, sex, BMI, systolic BP, smoking, diabetes, eGFR, and log albuminuria. Moreover, sensitivity analyses were performed using tertiles or quartiles of DKK3 to creatinine. Least square means of change of eGFR were calculated for categories of urinary DKK3-to-creatinine concentrations.
Furthermore, integrated discrimination improvement (IDI), net reclassification improvement (NRI), and c statistics were calculated for DKK3 added to the eight-variable (i.e., age, sex, eGFR, albuminuria, diabetes, hypertension, calcium, phosphate, bicarbonate, and albumin) kidney failure risk equation as reported by Tangri et al., 21 which is validated to predict the 2-and 5-years risk of ESRD or transplantation. For this purpose, we built four risk categories (.0%, .2%, .5%, and .10% of annual declines of eGFR) as recently reported. 21 Exact confidence intervals are reported according to the method described previously. 22 Because of the smaller sample size, STOP IgAN Trial participants were dichotomized into two groups at the median of urinary DKK3 to creatinine (i.e., 779 pg/mg). Generalized linear models, including the aforementioned covariates, were built to study the association between DKK3 to creatinine and changes of eGFR during the run-in period. Additionally, restricted cubic splines of DKK3 to creatinine with three knots (90.9, 779.6, and 3121.3 pg/mg) placed at tenth, 50th, and 90th percentiles were plotted. Furthermore, the association between change of DKK3 to creatinine during early treatment phase and change of eGFR was studied. For this purpose, we analyzed nonlinear associations between DKK3 to creatinine and eGFR change by using restricted cubic splines of change of urinary DKK3-to-creatinine levels during the early treatment phase with three knots (21251, 254.5, and 548 pg/mg) placed at tenth, 50th, and 90th percentiles. Analyses were adjusted for age, sex, BMI, systolic BP, smoking, eGFR, and log albuminuria. Similar to the approach described above, we determined the additive value of DKK3 to a model comprising age, sex, BMI, systolic BP, eGFR, and albuminuria during the run-in phase by calculating IDI, NRI, and c statistics. Because of the smaller sample size, two risk categories (i.e., .0% and .5% declines of eGFR within 6 months) were built.
In the general population study and the CARE FOR HOMe Study, bivariate correlations between urinary DKK3to-creatinine concentrations and several clinical parameters were reported as Spearman r.
A two-sided P value ,0.05 was considered statistically significant. Analyses were performed using SPSS version 21.0 and STATA IC 15. Multivariate-adjusted restricted cubic spline analyses were performed using the STATA package "postrcspline." IDI, NRI, and c statistics were calculated using the STATA package "nriidi." Figure 1 gives an overview on the studies and cohorts included in these analyses.
RESULTS
Urinary DKK3 Levels in the General Population and Patients with CKD
Baseline characteristics of participants of the I LIKE HOMe Study (n=481), representing the general population, and the CARE FOR HOMe Study cohort (n=575), comprising patients with various CKD etiologies, are shown in Supplemental Tables 1-3. Figure 2 shows urinary DKK3-to-creatinine concentrations in subjects from the I LIKE HOMe Study and patients with CKD from the CARE FOR HOMe Study cohort. The distribution of urinary DKK3-to-creatinine levels in the I LIKE HOMe Study participants was skewed, with a median urinary DKK3-to-creatinine concentration of 33 (126) pg/mg. Urinary DKK3 concentrations in the general population were significantly lower compared with those in patients with CKD from the CARE FOR HOMe Study cohort (P,0.001). Multivariate-adjusted means of DKK3 to creatinine also differed significantly between the general population and patients with CKD (P,0.001) (Supplemental Table 4 ). We found no significant correlations between urinary DKK3-to-creatinine levels and age, sex, eGFR, presence of diabetes, hypertension, or albuminuria in the general population (Supplemental Table 5 ).
Urinary DKK3 and CKD Progression during Longitudinal Follow-Up
In the CARE FOR HOMe Study cohort, higher urinary DKK3 to creatinine was associated with women, lower BMI and eGFR, and higher albumin excretion rate but was not associated with systolic or diastolic BP, smoking, presence of diabetes, or serum C-reactive protein concentrations (Supplemental Tables 3 and 6 ). The association between urinary DKK3 to creatinine and change of eGFR over the next risk period was analyzed in 1-year blocks. A total of 2035 person-years were available for analysis on the basis of the annual visits during follow-up. To model the association between urinary DKK3 to creatinine and the subsequent eGFR change, restricted cubic spline regression models were built. Figure 3, A and B shows the restricted cubic spline plots displaying the association between urinary DKK3-tocreatinine levels and the annual change of On the basis of these plots, urinary DKK3-to-creatinine levels were divided into categories (#200, 201-1000, 1001-4000, and .4000 pg/mg creatinine), and multivariable-adjusted general estimation equations were built (Table 1 ). After adjustment for potential confounders, such as age, sex, BMI, systolic BP, smoking, diabetes, eGFR, and albuminuria, urinary DKK3 remained a significant and independent indicator of eGFR decline within the following 12-month period. Adjustment for eGFR (model 2) and albuminuria (model 3) did not attenuate this association, and there was no interaction between DKK3 and albuminuria ( Table 1 ). These findings underline the independent role of urinary DKK3 as a significant marker for CKD progression. Urinary DKK3 concentrations .4000 pg/mg creatinine were associated with a mean eGFR decline of 7.6% (95% confidence interval, 210.8 to 24.3%; P,0.001 versus reference) in the subsequent 12 months. In sensitivity analyses, results were not affected by the selection of different categories of urinary DKK3 to creatinine (Supplemental Table 7 ) or modified by angiotensin-converting enzyme inhibitor or AT1 receptor blocker therapy (Supplemental Table 8 ).
Furthermore, higher urinary DKK3 to creatinine was associated with significantly greater loss of eGFR within all categories of albuminuria ( Figure 3C ) and independent of the underlying kidney disease (Supplemental Figure 1) .
To test the predictive value of urinary DKK3, we added DKK3 to a model comprising the eight-variable kidney failure risk equation as reported by Tangri et al. 21 Notably, addition of DKK3 to the kidney failure risk equation increased IDI, NRI, and c statistics (Supplemental Table 9 , Table 2 ). Moreover, we compared the predictive value of DKK3 with suPAR, which has been recently reported to predict CKD progression during long-term follow-up. 23 In contrast to DKK3, plasma suPAR levels did not predict eGFR changes during a 12-month interval (Supplemental Table 10 ), and addition of suPAR to a model comprising DKK3 did not improve prediction of CKD progression ( Supplemental Table 11 ).
Urinary DKK3 and Tubulointerstitial Fibrosis
The association between urinary DKK3 concentrations and tubulointerstitial fibrosis in kidney biopsies was first analyzed in 76 patients who underwent a diagnostic kidney biopsy at the University Hospital Innsbruck, Austria (Supplemental Table 12 ). Elevated DKK3-to-creatinine in urine was significantly associated with a higher degree of tubulointerstitial fibrosis in the biopsy specimens of both patients with glomerular diseases and patients with interstitial kidney diseases ( Figure 4A ). Figure 4B shows representative kidney biopsy specimens of patients with various CKD etiology and different urinary DKK3-to-creatinine levels. Notably, the association of DKK3 and tubulointerstitial fibrosis was independent of eGFR, albuminuria, or type of kidney disease (Supplemental Table 13 ). In addition, Supplemental Figure 2 shows the extent of tubulointerstitial fibrosis in kidney biopsy specimens of STOP IgAN Trial participants before study inclusion according to their urinary DKK3-to-creatinine levels.
Urinary DKK3 and CKD Progression in the STOP IgAN Trial
To further validate urinary DKK3 as a biomarker of ongoing CKD progression, we measured urinary DKK3 levels in all available urine samples from participants of the 6-month run-in phase (n=96) and the 6-month early randomized treatment phase of the STOP IgAN Trial (n=57). 19 Characteristics of this STOP IgAN Trial subcohort at enrollment are shown in Supplemental Tables  14 and 15 .
During the run-in phase, urinary DKK3 .779 pg/mg creatinine (i.e., median) was associated with a mean eGFR decline of 19.1% (95% confidence interval, 224.2 to 214.0%; P,0.001 versus reference) after adjustment for potential confounders, including baseline eGFR and albuminuria (Supplemental Table 16 ). This result was independent of the DKK3 cutoff chosen (Supplemental Table 17 ). Figure 5A shows .0% decrease of eGFR 0.014 0.01 to 0.02 ,0.001 0.082 0.02 to 0.14 ,0.01 .2% decrease of eGFR 0.009 0.01 to 0.01 ,0.001 0.067 0.01 to 0.12 0.02 .5% decrease of eGFR 0.014 0.01 to 0.02 ,0.001 0.106 0.06 to 0.16 ,0.001 .10% decrease of eGFR 0.013 0.01 to 0.02 ,0.001 0.045 0.01 to 0.08 ,0.01 the restricted cubic spline plots displaying the association between urinary DKK3-to-creatinine levels and the change of eGFR. Also, in participants of the STOP IgAN Trial, addition of DKK3 to a model comprising eGFR and albuminuria significantly increased IDI, NRI, and c statistics (Supplemental Table 18 ).
After the run-in period, all participants of the STOP IgAN Trial who had persistent proteinuria of at least 0.75 g/d despite optimized supportive therapy were randomly assigned to receive either supportive care alone or supportive care plus immunosuppressive therapy. We assumed that immunosuppressive treatment may modulate stress-induced DKK3 tubular epithelial secretion and thus, interfere with the ability of urinary DKK3 to indicate actual progression. Indeed, patients under immunosuppressive therapy showed a trend toward a greater reduction of DKK3 compared with those receiving supportive care only (Supplemental Figure 3) . Therefore, we examined the association between changes in urinary DKK3 levels during the first 6 months of the treatment phase and changes of eGFR during this period in all STOP IgAN Trial participants, regardless of randomization. As presented in Figure 5B and Supplemental  Table 19 , a rise in urinary DKK3-to-creatinine concentrations during the treatment phase was associated with a significant (P=0.02) eGFR decline, whereas stable or decreasing urinary DKK3-to-creatinine levels indicated a more favorable course of kidney function. There was no interaction between the randomization to the two intervention arms and urinary DKK3-tocreatinine levels. In contrast to urinary DKK3-to-creatinine concentration, albuminuria was not significantly related to changes of eGFR (Supplemental Table 19 ).
DISCUSSION
In this study, the association between urinary DKK3 and shortterm eGFR loss in patients with CKD was assessed. Independent of CKD etiology, urinary DKK3 reliably discriminated patients with CKD with a subsequent decline of eGFR from those with subsequently stable kidney function within 12 months. This was particularly the case in patients without albuminuria.
It is assumed that, beyond the age of 40 years old, the annual GFR loss related to the aging process is approximately 0.7 ml/min per 1.73 m 2 . 24 Thereby, hypertension and diabetes represent the most important and frequent risk factors for CKD progression. 9, 25 However, even in subjects in whom both risk factors are present, the course of CKD may be variable. 10 The CARE FOR HOMe Study mainly comprises patients with diabetic and hypertensive kidney injury. Exactly in those patients who are commonly seen in primary care, we identified a strong association between urinary DKK3 levels and eGFR loss within 12 months. DKK3 levels above 4000 pg/mg creatinine were related to a mean annual eGFR loss of 7.6%, which definitely exceeds the rate of age-related loss of kidney function.
Currently, prediction of eGFR loss during long-term followup is attempted by the use of kidney failure risk equations including (baseline) eGFR and albuminuria as well as various clinical and biochemical variables. 9, 21 Although refining of these equations with inclusion of more putative progression factors can improve their accuracy, the individual CKD course is variable and difficult to predict by general equations, particularly under disease-modifying interventions. This can be well observed in the early treatment phase of the STOP IgAN Trial. Here, a carefully selected cohort of patients with IgAN displayed a highly unpredictable course of kidney function within 6 months. Nevertheless, changes in urinary DKK3to-creatinine concentrations helped to identify those patients with fast eGFR decline (i.e., rising urinary DKK3to-creatinine levels were accompanied by a significant eGFR decline during this period). In contrast, eGFR remained stable or even slightly increased in patients in whom urinary DKK3to-creatinine levels did not change substantially or even decreased. On the basis of these observations, we suggest that urinary DKK3 not only is a biomarker for short-term eGFR loss but may be involved in its pathogenesis as indicated by experimental studies. 7 Previous studies have shown associations between biomarkers of tubular injury, such as NGAL and kidney injury molecule-1, and loss of kidney function in patients with CKD, but their clinical usefulness has been challenged. [26] [27] [28] In the prospective Chronic Renal Insufficiency Cohort Study of 2466 patients with CKD with various etiologies and at different CKD stages, neither kidney injury molecule-1 nor NGAL were independently associated with the rate of disease progression, and none of the biomarkers tested improved the risk prediction in comparison with a clinical model that included eGFR and the urinary albumin-to-creatinine ratio. 26 Additionally, suPAR, which has been recently shown to be associated with eGFR loss during a longer time period (i.e., 1337 days), did not predict short-term decline of eGFR in our study. 20 In the STOP IgAN Trial, changes in urinary DKK3 were independently associated with changes in eGFR, even after adjustment for albuminuria or randomization to the treatment arms. This finding is of particular interest, because the development of albuminuria-a putative indicator of glomerular damage-and increased tubular secretion of DKK3 in the urine may not be related to the same pathophysiologic mechanism. This is further corroborated by the CARE FOR HOMe Study, where increased urinary DKK3 indicated significant loss of kidney function, even in the absence of albuminuria. Therefore, it might be inferred that persistently elevated urinary DKK3 levels indicate ongoing tubular "stress," leading to progressive tubulointerstitial fibrosis independent of eGFR and albuminuria, and the type of kidney disease. Indeed, DKK3 as a member of Wnt pathway modulators 29 has been shown to be a stress-induced, tubular epithelial cell-derived regulator of kidney fibrosis in different CKD mouse models. 7 Mechanistically, DKK3 deficiency caused diminished canonical Wnt/b-catenin signaling in tubular epithelial cells, which was accompanied by an antifibrogenic inflammatory response within the injured kidney. These data highlight a crucial role of the Wnt/b-catenin pathway in renal tubulointerstitial injury 30 and thereby, DKK3 in declining eGFR within 12 months. 31 In most subjects of the general population, urinary DKK3 concentrations were below 200 pg/mg creatinine and hence, much lower than in patients with CKD, although our general population cohort comprised subjects with arterial hypertension and/or diabetes. Nevertheless, we detected urinary DKK3 levels above 1000 pg/mg creatinine in only a minority of them. We speculate that unknown conditions or yet unidentified kidney injury might be the source of increased urinary DKK3 concentrations. Future studies have to examine whether DKK3 might also allow for identification of subjects with clinically nonapparent kidney injury, which cannot be detected by currently available laboratory parameters, and the temporal relationship between changes in urinary DKK3 and alterations of eGFR. All participants in these studies were of Caucasian ancestry, and therefore, the applicability of our results to other races is limited. Moreover, additional studies are necessary to examine whether DKK3-directed therapeutic interventions may improve the outcome in patients with progressive CKD. In summary, measurement of DKK3 in urine represents a novel tool for the identification of patients at high risk for short-term eGFR loss regardless of the cause of kidney injury and beyond currently established biomarkers ( Figure 6 ). Therefore, DKK3 may improve the management of patients with CKD as a personalized medicine approach, because urinary DKK3-to-creatinine levels could be used as a tool to monitor, and if necessary, also intensify therapeutic intervention to halt CKD progression. These include general measures, such as effective BP and blood glucose control, 32, 33 dietary salt restriction, 34 and cessation of smoking, and specific interventions, such as high-dose treatment with inhibitors of the renin-angiotensin system including mineral-corticoid receptor inhibitors. 35 
